Firms often make selective or deceptive claims in their advertising. Such claims can have negative consequences for consumers, especially if consumers are not fully informed and the claims are hard to verify. This paper aims to measure the impact of such false claims on consumer demand, and to understand which type of consumer these claims primarily affect. Using a panel dataset of consumer purchases and firm advertising, we exploit the fact that four popular products settled charges raised by the Federal Trade Commission, leading to an exogenous discontinuation of the false advertising campaigns, to measure this impact. We further control for and document firm responses in terms of price and advertisement changes around the date of the settlement. Our findings indicate a significant decline in demand following the termination of the claims resulting in a 12%-67% monthly loss in revenue across the four products, which amounts to a $0.40m-$3.82m loss in monthly revenue. We further find that these claims primarily affect consumers who are least loyal.
Introduction
Firms often have incentives to make deceptive or selective claims, especially when they can lead to an increase in demand or can prevent substitution away from their products. Examples abound in our day-to-day world: products selectively claiming to be made with whole wheat even when whole wheat is not a main ingredient; products claiming to be "allnatural" even when they contain synthetic compounds. Although regulatory bodies such as the Federal Trade Commission (FTC) exist to safeguard consumers from deception, the vast number of companies and advertisements suggests some claims are likely to go unnoticed for prolonged durations.
This paper asks what (if any) impact false claims have on consumers' purchase decisions. The extent to which such claims have an impact on demand is unclear: if consumers are completely informed or these claims are easily verifiable through search (e.g., reading the ingredient list) or experience (e.g., having consumed the product once), any additional information without product-composition change should have no impact on demand. However, claims that are hard to verify can mislead consumers.
Empirically measuring the impact of false claims is challenging for multiple reasons. First, little variation exists in whether a claim is present, because most claims accompany a product's introduction. Second, even if there is variation, for instance, a claim is introduced or removed after a certain date, these changes are likely to be endogenous and an active part of a brand's positioning strategy. To overcome these challenges, our empirical strategy uses exogenously determined claim termination as enforced by the FTC.
We exploit the fact that the FTC was investigating four products for making false health claims. These companies reached an agreement with the FTC that required a termination of the false claims on or before the publicly issued consent order. The FTC issued these agreements with an accompanying press-release statement. We use the timings of these consent orders as exogenous shocks that (a) reduced the levels of the false advertising campaigns to 0 and (b) led to widespread information diffusion, via national press coverage, about these misleading claims.
As an example, Kellogg's Frosted Mini-Wheats started making the claim in January 2008 that the cereal was "clinically shown to improve kids' attentiveness by nearly 20%" without any change in the composition of its product. On April 2009, the FTC issued a consent order that required Kellogg's to stop making these claims. For Frosted Mini-Wheats, this order implied both a discontinuation of television advertisements and a change in their front-ofthe-box labeling. AP, Reuters, The Wall Street Journal, and three other news services picked up the FTC press release on that same date. Our empirical strategy is based on comparing market shares before and after these FTC-issued public statements to give us a measure of the impact of these false claims.
Using household-level purchase data from products across four categories -Kellogg's Frosted Mini-Wheats cereal, Dannon's Activia Yogurt, Dannon's DanActive Yogurt drink, and the nutritional supplement Airborne -all of which were issued consent orders by the FTC, we find the termination of these claims led to a significant decline in demand. Because competitors as well as the impacted brand can choose to respond strategically around the date of the consent order, we further account for these responses. We find the decline in market share persists even after we control for the competitive environment, prices, and advertisements.
Our findings further indicate the misleading health claims primarily affect newcomers, and not the loyal users. For Kellogg's Frosted Mini-Wheats, for which we have a start date of the false claim, we find further evidence corroborating this heterogeneity: the sharpest decline is for those households that, prior to the start of the false claims, had not purchased the product. These consumers are likely to have been the most influenced by the newalbeit false -information presented in the advertisements and front-of-the-box packaging. We also find directional evidence that markets that received more false advertisements prior to the consent order saw sharper drops in market share.
Quantifying the economic impact of these claims, the drop in monthly revenue (compared to the peak sales prior to the consent order) ranges from $0.40m-$3.82m across the four brands, with Airborne and Frosted Mini-Wheats being the most affected. This finding is indicative of the extent to which the false claims contribute to each brand's revenue. A back-of-the-envelope calculation shows Frosted Mini-Wheats is likely to have gained $105m in revenue because of the false claims -a substantial amount compared to the $4m fund it settled to in a recent class-action lawsuit.
Contribution
Although studies have looked at the role of information on consumer decisions, the consequences of false or misleading health claims on consumer purchases has received little empirical attention. A large literature has studied the role of information, using shifts in regulatory policies. For example, Ippolito and Mathios (1990, 1995) find that after a regulatory ban on advertising health benefits was lifted, information acquisition became easier and more people were able to purchase healthier products; Dhar and Baylis (2011) find that a regulatory ban on advertising targeting children had a positive impact on reducing fast-food consumption. Jin and Leslie (2003) find that a policy change requiring restaurants to display hygiene-quality grade cards resulted in consumers becoming more sensitive to this information. Moorman (1996) studies the influence of front-of-package information on consumers following the implementation of the Nutrition Labeling and Education Act. This literature has, to our knowledge, not focused on the impact of misleading information. Stated purchase intentions and consumer beliefs about brands making deceptive claims has been studied in lab settings, for example, Darke and Ritchie (2007) , Burke et al. (1988) , Dyer and Kuehl (1978) , and Johar (1995) . We contribute to both these streams of literature by empirically measuring the impact of false health claims, using actual purchase data.
Perhaps closest to our paper is Peltzman (1981) , who studies the effects of FTC regulation on the capital market, advertising expenditure, and market share of the impacted brands. Peltzman postulates that false advertisements should affect first-time buyers rather than loyal buyers. However, data limitations at the time forced Peltzman to rely on an aggregated yearly autoregressive market share model which imposes strong assumptions on individual behavior as pointed out in Givon and Horsky (1985) . On the other hand, our paper exploits within-household variation to identify heterogeneity in consumer responses. Heterogeneity in information-processing has been shown in Bronnenberg et al. (2015) , who find experts in a certain category are more likely to buy the generic versions, whereas novices are more likely to buy the branded versions of an otherwise homogenous product. Our paper finds evidence supporting heterogeneity in consumers' response to misleading information, where loyal users are more likely to continue purchasing the product even after termination of the false claims.
Researchers have studied firm deception in other contexts, such as buyers being misled by sellers' quality claims in the baseball-card market (Jin and Kato 2006) and ski resorts deceptively reporting more snowfall on weekends when demand is likely to be more (Zinman and Zitzewitz 2013) . Unlike these studies, which focus on experience goods where quality is observed post purchase, our work focuses on products with credence attributes, where the claims are difficult to verify even with repeated purchases. Our paper is also related to the product-recall literature (e.g., Liu and Shankar 2015) . Whereas product recalls are in effect when the product presents a tangible danger to consumers, we study a very different effect whereby the product is not harmful per se. In other words, the product is safe to consume and continues to be sold, and only the specific false advertising messages have been recalled.
In the next section, we describe the data and provide reduced-form evidence on the impact of misleading claims on consumer demand. In Section 3, we describe the demand estimation that controls for prices, advertisements, and the competitive environment to quantify the impact of these misleading claims. Section 4 describes the results, Section 5 documents firm responses in terms of price and advertisement changes around the date of the consent order, and Section 6 concludes.
Data
We use the Nielsen Homescan data, which contains households' purchases at the UPC-date level, the RMS data, which contains the weekly price at the UPC-store level for participating retailers, and the Nielsen Media data, which contain the ad-spend, airtime, and frequency of campaigns at the creative-title level for each brand. The Homescan data consist of a panel of about 40,000-60,000 households. Both the Homescan and Media data span the years 2004-2012, whereas the RMS data span 2006-2012.
We combine these data with the dates the FTC issued consent orders pertaining to various companies in the Ready To Eat (RTE) cereal, yogurt, yogurt-drink, and nutritional supplements categories. The relevant population of firms affected by the FTC consent orders can be found on the FTC website 1 and consists of cases and proceedings classified under the mission of Consumer Protection and the topic of Health Claims. As of August 2015, a total of 135 such cases existed. We restrict our attention to four of these cases based on the following inclusion criteria (the number in parentheses pertain to the number of cases that do not meet the listed criteria): 1. The cases should not pertain to internet scams or products sold only online (54) 2. The case-filing date should be after 2003 and before 2012 to be within the timeframe of the Homescan data (39) 3. The cases should involve consumer product goods (e.g., insurance, tanning services etc. were excluded) and be present in the Nielsen products file (22) 4. The total number of observations across households and months should be at least 1,000, to ensure statistically meaningful measures (16) . This leaves us with four well-established products that are sold in retail stores. 2 Table 1 lists these products, the claims they were making, and the date they were asked to terminate these claims. Figure 1 shows the front-of-the-package claims highlighted on these products prior to the FTC consent order.
1 http://www.ftc.gov/enforcement/cases-proceedings/advanced-search 2 A large portion of FTC cases (over 30%) pertain to weight-loss products. Cawley et al. (2013) study this category, where deception is common and the products are ineffective and often harmful, using the National Consumer Survey to obtain measures of consumption and deceptive ad exposure. Instead, we focus on popular and well-established products for which deception is less-common (note the distinction between deception and puffery which is more common and legal) and products cater to the mass-market. The FTC typically conducts a private investigation of firms' claims prior to the release of the formal and public complaint. The FTC does not disclose the start date of the investigation. While the firm is made aware of this investigation, consumers and members of the press have no knowledge of it. Thus, the informational impact of the termination notice occurs only after the date of the consent order. However, firms can choose to make changes (for the better) to their marketing activities prior to the announcement. We verify that normal advertising activities do not cease following the FTC order, i.e., the brand replaces the false ads with other ads, ensuring that our measure is one of false claims and not overall ad-exposure. We explore this further in Section 5.
We now provide some preliminary evidence in Sections 2.1 and 2.2 that false claims may have an impact on consumer demand. 
Reduced-Form Evidence: Market shares

Yogurt and Yogurt Drinks
In the refrigerated-yogurts category, Dannon was issued a consent order in December 2010 to stop making the claim that Activia "relieves irregularity" and DanActive "helps people avoid catching colds or the flu". These claims had been present in the brands since introduction: for Activia in February 2006 and DanActive in January 2007. The specific settlement required that Dannon cannot state its products reduce the likelihood of getting a cold or flu unless approved by the FDA; Dannon cannot state digestive benefits unless (1) it clearly states that three servings of Activia be taken everyday to obtain these benefits or (2) reliable scientific evidence or two well-designed human clinical studies back these claims. Figure 3 plots market shares for both these products. 
Nutritional Supplements
Airborne is a dietary supplement that since its introduction had claimed it had "guaranteed cold-fighting properties" and "if taken at the first sign of a cold symptom, its herbal formulation is clinically proven to nip most colds in the bud". The FTC in August 2008 issued a consent order to the company to stop making these unsubstantiated claims. Figure 4 shows a marked decrease in market shares following the FTC request to terminate these claims. These figures indicate a perceptible impact of the removal of false claims and provide preliminary evidence of the extent to which these misleading claims might affect consumers. However, some unobservable trend that coincided with the timing of these consent orders might have affected the entire category. To rule out this explanation, we perform a reducedform regression of market shares on the time since the consent order. We compare these results with the same regression run on similar products but that are unlikely to be substitutes for the impacted product. We consider all likely substitutes in Section 3.
Reduced-Form Evidence: Market share regression
To reflect the patterns in Figures 2 and 3 , we estimate the following reduced-form regression for the brands affected by the consent order and for control brands:
Here, s jt is the market share of brand j in month t, I (False t ) is 1 if t belongs to the period when the focal brand f was making the false claims, and I (FTC t ) is 1 if t belongs to the period after the FTC has issued the consent order to focal brand f . I (False t ) . (t − τ ) and I (FTC t ) . (t − τ ) capture any upward/downward time-trends before and after the event date τ , respectively. In this specification, α false j , β false j measure the intercept and slope during the false-claims period. α ftc j , β ftc j measure the intercept and slope after the FTC press-release statement. A negative β ftc j indicates a declining market share after the issuance of the consent order. If the termination of the false claims indeed affects demand for the impacted brand, we should see a significantly larger drop in market share levels as measured by α ftc j=f − α false j=f than with α ftc j =f − α false j =f and/or a significantly more negative coefficient associated with β ftc j=f than with β ftc j =f . To capture the seasonal patterns associated with Airborne ( Figure 4 ), we estimate the following reduced-form regression for the Nutritional Supplements category: 
Control Brands
Comparing the impacted brands with other similar products can be problematic especially if consumers substitute to/away from these similar products as a response to the consent orders. To get around this problem, we use products that are similar to but are unlikely substitutes for the impacted product. In the RTE cereal category, we use Quaker Oats, which is a hot cereal, as a control. Because Quaker Oats is not an RTE cereal but is still likely to be affected by the same unobservable trends as all cereals, it serves as a good control. Similarly, for the yogurt and yogurt-drink categories, we expand the market to include refrigerated puddings as well. We then use Swiss Miss Puddings as the relevant control brand. In the nutritional supplements category, we use Bausch & Lomb products that are vitamins meant only for eye health. Table 2 reports the results of this regression. The estimates indicate all the impacted brands faced a decline in market share after the date of the issuance of the consent order, both as measured by the drop in level as well as the declining trend after the order. This finding is largely consistent with Figures 2-4 as well. Moreover, the estimates for the control brands do not show any significant drop in shares after the respective dates for each of the impacted brands.
These regressions provide consistent evidence that the drop in market share for each of the impacted brands is unlikely due to other unobservable events that coincided with the issuance of the consent order. We now turn to a consumer choice model that controls for the competitive environment.
Estimation
We now analyze the data treating each household as a unit of observation. Within a product category, we assume a household makes a choice from C options every time a transaction occurs. The price of the chosen option is directly observed from the purchase panel data. We construct the prices of the other options in the consumer's consideration set using the RMS data. For each brand, we construct an average within-market weekly price by averaging prices (per lb) of the brand across all stores and UPCs each week. We then match the products in each household's choice set to these market-level prices. For those market-weeks for which this observation is missing, we use the weekly national average (average across markets).
We also construct a measure of ads seen by each household. Most of the brands advertise heavily at the national level. However, some advertising occurs at the local level. Specifically, the Nielsen data contain data on ads aired via National, Network Clearance, Spot, and Syndicated Clearance TV. National represents all nationally aired advertisements via Cable, Network, and Syndicated TV. Spot TV corresponds to ads aired directly in local markets. Network Clearance and Syndicated Clearance correspond to those commercials that are fed from the satellite with the Network or Syndicated program and aired by the local affiliate in the market (Nielsen Report Guide 2012). We use the duration 3 (in seconds) of advertisements aired per Designated Market Area (DMA) and match it to the household's DMA. Nielsen divides the United States into 210 DMAs.
To construct the choice set, for each category, we start with the top nine brands by total sales and exclude private labels and those that were discontinued. This leaves us with eight brands in the cereal category, six in the yogurt category, four in the yogurt-drinks category, and three in the nutritional-supplements category. For cereal, we add back the store-brand frosted shredded wheats as an additional control. We also ensure these brands are likely to be purchased by the heavy 4 consumers of the impacted brand so that all likely substitutes are included in our analysis. We aggregate the rest of the products into a composite brand called "Other". Note that doing so ensures all products are still included in our analysis. Following Shum (2004) , we construct a composite measure of prices and advertisements for the Other brand. For price, p Other,t , we use the sales-volume-weighted average price across all other brands. For advertisement, Ad Other,t , we use the total air duration of all other advertisements:
where v jt is the sales-volume of brand j at time t. Table 6 provides summary statistics of the prices and advertisements by brand for each category.
Utility Specification
We specify individual i's utility from purchasing brand j at time t as u ijt (θ) =
Pre False
During False Claims After FTC
where α pre ij is consumer i's preference for brand j before the focal brand began making the false claim. I (False t ) is 1 if t belongs to the period when the brand was making the false claims. I (FTC t ) is 1 if t belongs to the period after the FTC order. τ is the date of the FTC order. t−τ measures how far t is from the date of the consent order 5 . α false ij , β false ij measure the intercept and slope during the false-claims period. α ftc ij , β ftc ij measure the intercept and slope in the period after the FTC press release, that is, once the consumer knows the claim is false. β ftc ij=f < 0 indicates declining demand for the focal brand f after the withdrawal of the claim; F jt = {p jt , Ad jt } is a vector that includes prices, and the duration of aired national and local advertisements. γ indicates a consumer's sensitivity to these firm-side variables F jt . θ is the set of parameters α pre ij , α false ij , β false ij , α ftc ij , β ftc ij , γ governing a consumer's decision. We estimate a different specification for each category to capture the specifics of that category.
In the yogurt and yogurt-drinks category, there is no "before" period, because the claims were present since product introduction. Hence, we use the following specification:
Lastly, in the nutritional supplements category, seasonality -whether it is the flu season or not -is captured using the following specification:
The probability that individual i chooses brand j at time t is then given by
Aggregating the probabilities over all purchase occasions that i makes, the individual-level probability is
The overall log-likelihood across all individuals can then be written as
log Pr i (θ)
Discussion on Endogeneity
We do not use instrumental variables for prices and advertisements for the following reason. Endogeneity concerns typically arise from omitted variable biases. Of particular relevance to us are two cases. In the first case, a variable exists that is unobserved to the researcher but is observed by both consumers and the firm. In our analysis, this is less of a concern especially in the local window around the FTC order, because we observe the typically omitted variables in the period of interest. In other words, if firms and consumers respond to the FTC press-release statement, explicitly including the before and after variables, I (False t ) and I (FTC t ), in our analysis reduces such endogeneity concerns. The second case pertains to firms changing strategic variables in response to anticipated demand. For example, a firm may add a "gluten-free" label on its packaging responding to an increasing consumer trend for gluten-free products. A before-after analysis following this change will lead to an upward bias on the impact of the label. However, in our analysis inference is based on the termination of the false claims and the revelation of deception to consumers, both of which are not in the firm's control.
Results
We estimate the model including all the data post event, which gives us a long-run measure of the impact of the event. This estimate is likely to be conservative, especially if market shares rebound quickly. We also estimate the model using a shorter six-month and twomonth period after the event, and conduct a placebo test in Section 4.1, pretending the event occurred at a different date.
The results of the demand estimation for all categories are reported in Tables 7 -10. In specification S1, we verify the patterns presented in Section 2 hold even after including the relevant set of competitors. Specification S2 controls for the price of the purchased brand as well as prices of the competing brands. Specification S3 adds controls for advertisements at both the national and regional (DMA) levels. All specifications cluster at the household level. Tables 7 -9 show the slope coefficient for the focal brand is significantly negative (i.e. β ftc f < 0), indicating declining demand for the focal brand f after the withdrawal of the claim. In the nutritional-supplements category, where we estimate level differences in the flu and non-flu seasons, the difference in levels during the flu season, that is, α ftc j − α false j , is significantly negative for Airborne.
Because the relative magnitudes of all estimates matter, we simulate the market shares of all brands using the estimates to highlight the decline in demand. Figures 5 and 6 plot the decline in market share four months after the focal brand was required to terminate the false claims, relative to the market share just before. These figures provide further evidence of the decline in demand after the FTC consent order. All impacted brands face a significant decline in demand even after we control for prices, advertisements, and the competitive environment. In the yogurt category, we find Yoplait faces a steeper decline than Activia, possibly because of spillovers to Yoplait, which caters to a similar segment as Activia. 
Placebo Tests
As market shares can fluctuate for many reasons, we conduct a placebo test to measure the drop in market share in a placebo period and compare it to the drop in market share after the termination of the claims. Whereas the previous analysis used all the data after the FTC consent order, we limit our analysis here to a period of six-and two-months before and after the order. For nutritional supplements, we use the three-month peak flu season from December to February. This provides an additional validity check on shorter-term effects.
We choose the placebo event as conservatively as possible, picking the date prior to the FTC consent order when the market-share dip appears to be the steepest in Tables 11 -14 report the estimates using the six-and two-month periods. Figure 7 plots the drop in market share four months after the FTC event and compares it with the placebo period. In all four cases, we find the drop following the consent order is steeper than the drop after the placebo event; that is, controlling for prices and advertisements explains most of the market-share decline following the placebo event, but does not explain the decline after the FTC order. 
Economic Significance
To determine the magnitude of revenue decline relative to the peak, we project the estimated decline to the U.S. population. To do so, we first compute the share of households hhcat hh panel that consume products in a given category, cat. We do so because not every household participates in a given category (e.g., not everyone buys RTE cereal). We then multiply this amount by the total households in the United States, HH US , to get the relevant household population for each category. We then compute the average units consumed per household. To do so, we infer the total units q cat,t sold in month t in category cat directly from the data.
qcat,t hhcat gives us the average category consumption per household. Last, the share of the focal brand, s jt , is computed from our demand estimates. Multiplying this with the average brand price p j , where j is the impacted brand, gives us the estimated revenue R jt : Table 3 lists the monthly revenue drop R j,τ +4 − R j,τ for the impacted brand, where R j,τ is the revenue in the month of the FTC Order. The table also lists estimated yearly revenues. These numbers closely correspond to revenue/sales figures reported in news media. Mini-Wheats and Airborne are the hardest hit in terms of the decline relative to their peak sales. Perhaps more important is the firm's potential revenue gain from the false claims. To quantify this, we calculate the revenue gain for Frosted Mini-Wheats, for which we have a start date of the claims. If we assume the entire gain in market share from January 2008 (start of the false claims) to September 2010 (when market shares seem to stabilize to pre-2008 levels) was due to the presence of the false claims, the total revenue gain for these 32 months from these claims is $105m. This gain is substantial, even after controlling for advertisement expenses (which were similar to 2008), relative to the 2013 class-action settlement in which Kellogg's agreed to a $4 million settlement fund.
These calculations show that firms stand to gain from making false claims even if they are eventually caught. However, whether this is true in the long-run is unclear, because consumers may begin to lose trust in the brand and class-action settlements may involve larger sums.
Heterogeneity in Consumer Responses
We next explore heterogeneity in consumer responses to see who these claims affect the most. We first explore heterogeneity in consumer responses to the Frosted Mini-Wheats claim withdrawal, because we have a start and end date of the false claims for this product. At the start date of the claims (Jan 2008), the only addition to the product was the front-ofthe-package label without any product composition change. This enables us to investigate the behavior of those households that had never purchased the brand prior to the false claims. 6 We classify households into two types based on whether they purchased any units prior to the start of the claims. This is indicative of households that began purchasing Frosted Mini-Wheats because of the claims. Our hypothesis is that the drop in market-share for this group is higher than for those consumers who were purchasing the product prior to the start of the false claims. Figure 8 plots the market share by the number of units purchased prior to Jan.
2008. By virtue of our classification, we expect to see a regression to the mean where heavy users' consumption levels drop and non-users' consumption levels increase. However, our inference relies on the pattern at the date of the FTC consent order, when the market-share decline is starkest for the users who had not purchased prior to January 2008. We further quantify this heterogeneity by estimating a demand system that specifically accounts for these two different types of households:
where θ loy = α false loy,j , β false loy,j , α ftc loy,j , β ftc loy,j is the parameter vector for the loyal households and θ new = α false new,j , β false new,j , α ftc new,j , β ftc new,j is the additional change over θ loy for households that had not purchased prior to the claim. In this specification, the relevant parameter vector for the new households is θ loy + θ new . Table 15 reports the estimates for the loyal and new households. Figure 9 below plots the change in market share four months after the FTC consent order. This points to the fact that the most loyal consumers are the least affected by the termination of the false claims. For the other three categories, we cannot make such a direct comparison, because the claims were present in the products' messages since inception. Therefore, we cannot identify which consumer is likely to have purchased the brand because of the claim, and which consumer purchased the product for other reasons (e.g. taste, brand loyalty etc.). Instead, we examine the brand's ability to attract newcomers and retain loyal users in the year of and the year after the FTC order. For each year, we define newcomers as those who had not purchased the brand in any previous year but purchased it that year. Loyal users are those who had purchased the brand in any of the previous years and continue to purchase that year.
Figures 10-12 plots the additional percentage of newcomers the focal brand (and the top competitor) received each year compared to the previous year. The figures also plot the increase/decrease in the firm's loyal users each year. Across all brands, the percentage of newcomers joining the brand is lower for the impacted brand (and not the competitor brands) the year of or the year after the consent order. Loyal users also begin to decline, but the drop is not as steep. Note that the competitors appear to be increasing their base of loyal users at a fairly stable rate. These figures provide additional evidence that the impacted brand's ability to attract newcomers drops drastically following the FTC order and that loyalty can play a big role in a firm's ability to retain its consumers. 
Heterogeneity across Markets
We next explore whether different markets respond differently to the false advertising campaigns. To do so, we estimate the household-level choice model for each of the 210 markets with one difference: we exclude the advertising covariate from the utility specification. This allows us to correlate the market-share changes in each market to the amount of false advertising aired in each market. Table 4 below shows the correlation and its corresponding significance level for each brand. One pattern emerges from the above table: as the amount of aired false advertising increases, the decrease in market share following the FTC consent order increases. More specifically, the correlation coefficient for Kellogg's Frosted Mini-Wheats is -0.2515. This implies a 1% increase in false advertising in a market is associated with a 0.25% decrease in market share for said market. This relationship is less transparent in other brands that have experienced false advertisings. Dannon Activia has a near-zero correlation, implying no perceptible relationship between false advertising in markets with market-share drops post FTC. Both Dannon DanActive and Airborne experienced a negative correlation similar to that of Kellogg's Frosted Mini-Wheats, but at statistically insignificant levels. This is possible because these brands advertise nationally, which makes any additional local market variation relatively small. We now turn to exploring possible firm-side changes in terms of price and advertisement responses in the following section. Figure 13 plots the price per lb of the impacted brands averaged across DMAs. Across all brands, little perceptible change appears to occur in prices around the time of the consent order. To test for a change in prices around the time of the consent order, we regress (for each DMA) the impacted brand's store-specific prices on the average category price in that store and test if the price coefficient in the four-month window post FTC is different from the coefficient pre FTC. Specifically, we test if β j,post = β j,pre in the following equation: p jst = βp st + β j,pre I(preF T C).p st + β j,post I(F T C).p st + ε jst where s is the store, j is the brand and t is the quarter. I(FTC) is 1 if the quarter is in the four-month window after the FTC press-release statement and I(preFTC) is 1 if the quarter is in the four-month window before the FTC press-release. 7 We define the average category price,p st , as the weekly sales-volume-weighted average across all brands in a given store; that is,p
Firm Response
Prices
where v jst is the sales volume of brand j sold in store s in week t, and J st is the set of all brands sold in store s that week.
We perform a placebo test to test if the difference
is statistically significant,where Event = Placebo is defined to be one year before the FTC consent order. We count the DMAs in which this difference is positively or negatively statistically significant. Table 5 reports for each impacted brand in each category the percentage of DMAs in which prices increased/decreased using this measure. These results indicate no systematic increase/decrease occurs in prices around the timing of the FTC consent order across a majority of the DMAs for the impacted brands. Testing for differences across competitors, we find evidence of competitor response in the RTE cereal category 8 : GM Cinnamon Toast Crunch increases prices in 31% of the DMAs and store-brand Shredded Wheats decreases prices significantly in 19% of the DMAs. This finding further highlights the importance of controlling for prices in the demand analysis. 7 We aggregate the weekly price data to the quarterly level to avoid inconsistent standard errors that can result due to the presence of serially correlated observations (Bertrand et al. 2004 ). Thus, the pre and post periods have only one observation per time period. 8 There is some evidence for price increases in the nutritional supplements category, but this is largely due to a drop in price in the placebo period. 
Advertisements
In this section, we first explore when the focal firm might have changed its advertising. We use the Nielsen Media data and the Wayback Machine (https://archive.org/web/) to infer when the company might have taken action. In Section 5.2.2, we quantify total ad quantity changes to measure changes after the FTC order.
Advertisements and False Claim Termination
The FTC complaint for Frosted Mini-Wheats highlights two specific TV ads shown in Figure  14 . In the Media data, we are able to identify these ads based on the creative-title name, air date, and the corresponding video files available on Youtube and Adland. Figure 15 plots the total aired duration of these creative-titles at the national level for Kellogg's Frosted Mini-Wheats. While the two creatives which started in 2008 had already stopped 9 , existing packages containing the misleading claims were likely not replaced until the date of the order: a Flickr photo of a cereal aisle, taken on Jan. 27 2009 confirms this. The FTC order requires these be absent only following the order. For the remaining brands, all ad campaigns have the false claims. To identify when the brands might have responded to the order, we use the Wayback Machine. For Dannon, a perceptible change occurs in the website text in December 2010 versus January 2011 (prior to and after the consent order). In particular, we see the words "shown in several clinical studies", which was the subject of the FTC complaint, had been removed. The positioning of Activia largely remained the same.
Prior to FTC Order 1
After FTC Order 2 1 Text in December 2010 States "shown in clinical studies" 2 Text in January 2011 No Longer States "clinical studies" Figure 16 : Activia Website Before and After FTC Order For DanActive, national TV ads were discontinued early 2009. Airborne seemed to have responded around the date of the FTC consent order, both as evidenced in Table 19 as well as in its website text. In April 2008, the text had a lot of details on how Airborne "combats the airborne germs and viruses that are all around in places like classrooms, offices and airplanes". In May 2008, the text no longer contained these claims.
This discussion indicates brands largely responded around the date of the consent order. More importantly, the informational impact to consumers occurred at the date of the consent order. We now examine whether these terminations led to overall changes in ad levels.
Total Ads
To quantify possible changes in advertisements, we estimate the following regression equations for ad-spend, duration and frequency of advertisements at the brand-week level.
where Ad jt is the vector of ad-related variables {AdSpend, Duration, Frequency}. I(FTC) is 1 if week t is in the four-month window after the FTC press-release statement and I(preFTC) is 1 if week t is in the four-month window before the FTC press-release. γ j,post measures changes relative to the average ad level after the FTC order and γ j,post − γ j,pre measures changes relative to the four-month period before the order.
Tables 16 -19 report coefficients for the focal and competing brands across the four categories. Across all categories, γ j=f,post is not significantly different from zero for the focal brand, indicating ad-levels after the FTC order remain close to average levels. Except for Activia and Airborne, the change relative to the pre FTC period, γ j,post − γ j,pre , is not significantly different using any of the measures. Activia's ad-duration drops by 2.186 hours (expenditures and frequency do not change significantly) and Airborne's frequency drops by 74.35 occurrences (duration and expenditures do not change significantly). Note that the regression equations overstate significance because each observation is a week resulting in highly correlated observations. Therefore, the significance of the decline we measure is an overestimate -the brand likely kept ads unchanged.
In the cereal category, only General Mills Cheerios, General Mills Honey Nut Cheerios and Post Honey Bunches of Oats exhibit a significant increase in advertisements in this period. In the yogurt category, Stonyfiled appears to have increased ad levels after the FTC order. These provide some evidence of possible strategic competitor response.
Availability
Following the FTC consent order, the impacted products might be out of stock in stores (e.g., manufacturers may need a few weeks to replace the packaging of their existing products). Lack of availability of the impacted products can explain the patterns observed in the data. However, a withdrawal of products from the shelves would imply an immediate sharp drop and a subsequent increase in market share. Since we do not observe this pattern in any of the products, our findings are likely not associated with stock-out effects. However, it is possible that stock-out occurs in some stores which may cause this gradual decline. To ensure demand-side factors, and not product stock-outs, drive the decline in market shares following the FTC consent order, we check for discontinuity patterns in store availability.
Although the RMS data does not contain measures of availability, we infer store availability by exploiting the nature of the missing data. An observation in the RMS data can be missing if 1) the store did not report sales of the UPC that week: if this occurs, it should occur randomly and not systematically after the FTC consent order, 2) the UPC had no sales in that store-week, and 3) the product was not available. Although separating out (2) and (3) is hard given the data, we take advantage of the fact that stock-outs, if they occur, should affect the entire brand and not just a single UPC. A brand typically has 20-70 UPCs associated with it. Aggregating UPCs to the brand level, Figure 17 plots the number of stores that sold at least one unit of the brand.
Across all brands, only Dannon's DanActive exhibits a sharp drop in the count of stores that sold at least one unit of the product. We next verify if the demand patterns documented thus far hold for DanActive, controlling for availability. To do so, we exclude those stores where a product was available in early 2010, but unavailable late 2010 and early 2011. We restrict attention to only those stores present in the RMS data. The market shares are remarkably close to the ones plotted in Figure 3 , indicating the decline in market share is likely to be due to demand-side factors. 
Conclusion
This paper finds that false claims can have a significant impact on consumer demand, based on the evidence that termination of these claims led to a decline in consumer demand. The findings have implications for consumers, firms and regulatory authorities. From a firm's perspective making false claims appears lucrative, especially in the short-run. A back-ofthe-envelope calculation shows that Kellogg's Frosted Mini-Wheats gained nearly $105m in revenue as a result of these claims. However, as more firms get caught and as class action lawyers sue for even larger compensations, it is unclear if this revenue gain will hold true for future brands. Furthermore, multiple violations by a single brand can cause consumers to lose trust in the brand. Measuring the effects of repeatedly misleading consumers will add to the literature on the long-run effects of advertising and is a suggestion for future work.
Regulatory bodies clearly play a big role, especially in the case of claims a consumer cannot reasonably verify. The role of the authority lies in ensuring that the false claims are terminated as well as ensuring that consumers are made aware that a deception has occurred. Our work does not emphasize the mechanism by which consumers internalize the claims: whether it is a response to the claims no longer being present or a response to information (via national press coverage) that the claims are false. The effect we measure is an aggregate of consumer responses to the termination of the claims, as well as to possible strategic firm-side responses in terms of price and advertisement changes. The firm-side data provide some evidence that competitors, especially in the Cereal and Yogurt categories respond with price and/or ad changes.
Lastly, because randomizing the presence of a false claim is nearly impossible in practice, our work provides an identification strategy that can be used in other contexts. In-lab studies are limited to hypothetical brands: one cannot credibly vary the presence of a false claim in a real brand because respondents can easily verify this. We exploit the timing of the FTC consent orders and measure aggregate market share responses and individual-level purchase behaviors before and after this event, controlling for prices, advertising, and the competitive environment. We find evidence suggesting response to the termination of the false claims is heterogeneous: newcomers are most impacted by these false claims while the long-time users persist in their purchases even after the false claims have been identified and removed. Moreover, markets that saw more ads respond more strongly once they know the claims are misleading. 
